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Title of the Invention 

SEMICONDUCTOR MEMORY DEVICE 



Scope of Claim 

1. A semiconductor memory device comprising a pair of impurity regions, formed on a 
15 semiconductor substrate, having a different conductivity type from the substrate and an 
insulating material, formed on said substrate between said pair of impurity regions, 
containing a charge trapping center layer therein, characterized in that, during writing or 
rewriting operation of recording information, a part or whole of one of said pair of 
regions is configured to have a depth of 0.5 fi or less, and is allowed to act as a drain to 
20 thereby inject an exited charge generated in said drain or in the vicinity thereof into said 
trapping center layer, and during reading operation of the recorded information, said 
region that is allowed to act as the drain is allowed to act as a source, whereas the region 
that is allowed to act as a source is allowed to act as the drain. 

Detailed Description of the Invention 
25 The present invention relates to a non-volatile semiconductor memory device that 

1 



^fROM S. E. i.. CO. . LTD. 2F NOl 1 999*1 1 £229 (fl) 1 7 : : 07/X»S*480 1 35 23 36 ? 3 

IP • 9 

is a variation of an insulated gate-type field effect transistor (hereinafter referred to as 
"MIS-FET"). The present invention relates to a semiconductor memory device in which 
a reverse bias voltage is applied to a region between a semiconductor substrate and an 
impurity region having a conductivity type that is reverse to the substrate, and at the time 
5 when an excited charge that is generated in this region or in the vicinity thereof, is 
injected into a charge trapping center layer of an insulating material, at least one end of 
a drain is configured to have a depth of 0.5 n or less, thereby forming a portion where 
strong electric field concentrates and causing a necessary reverse bias voltage to be 
reduced than that of the conventional ones, with the result that, upon reading information, 
10 a source and the drain are allowed to act reversely. 

That is, in a semiconductor memory device, which comprises a pair of impurity 
regions, buried on a semiconductor substrate, having a different conductivity type from 
the substrate and an insulating material containing a charge trapping center layer 
(hereinafter referred to as "trap layer" or "TL"), on the substrate between the regions, and 
15 which allows the pair of regions described above to act as a source and a drain, 
respectively, thereby causing an avalanche state between the source and the drain, and 
injecting an excited charge generated in the drain or in the vicinity thereof into the above- 
mentioned trapping center layer to carry out writing or rewriting operation of recording 
information, an object of the present invention is to allow the pair of regions described 
20 above to act as the drain and the source, reversely, to thereby conduct a reading operation 
. of the recorded information. 

The present invention also aims, in order to eliminate the use of a portion as a drain 
where the avalanche state generates, to form a pair of third impurity regions in the source 
or the drain, to thereby conduct a reading operation of the recorded information using 
25 such regions. 

Among the semiconductor memory devices, several devices having a function as 
one bit with one nonvolatile element, are developed. Of those, one of typical devices 
utilizes a method in which a pair of impurity regions having a reverse conductivity type, 
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buried in the semiconductor substrate are used as a source and a drain, high voltage is 
applied to between the pair of regions, and impact ionization, such as an avalanche 
plasma, generated in the drain or in the vicinity thereof due to p-n junction, is utilized, 
thereby allowing electrons and holes to be an excite state, and to be injected into, trapped, 
5 or recombined to the trapping center layer TL formed within the gate insulating material 
by applying a positive or negative voltage to a gate electrode. 

However, practically, in the system in which such an avalanche plasma is employed, 
there exist several disadvantages. Firstly, though a voltage of 60 V or higher is needed 
as the drain voltage in order to cause an avalanche state, such a voltage is a fatal defect 
10 to the semiconductor memory devices that employ such a system, or to IC memories that 
are integrated using those memory devices. The present invention conducts the writing 
operation of recording information with the lower voltage compared to the conventional 
ones, while eliminating such defects. However, the present invention also eliminates 
other defect caused by the result thereof, and an improvement thereof is carried out. 
15 Detailed explanation thereof will be made in accordance with embodiments 

hereinafter. 

Fig.l is a vertical cross section of MIS-FET according to the device of the present 
invention. In part A of Fig.l, the semiconductor substrate 1 is made up of a p-type 
semiconductor with 100 plane direction having an impurity concentration of, for example, 

20 1 x 10 15 - 5 x 10 16 cm -3 . As a manufacturing method of the MIS-FET, a self -alignment 
- gate lead (referred to as SAGL) is employed, which has been made known by the inventor 
of the present invention. Namely, in order to reduce electrostatic coupling between the 
substrate and a source lead 5 or between the substrate and a drain lead 6, a field silicon 
oxide film 2 is buried to be formed on the substrate to have a thickness of 0.6 - 1 n, and 

25 these leads and a gate electrode are formed with poly crystal silicon doped with a large 
quantity of impurities to have a thickness of 0.6 - 1 ft. The insulating materia beneath a 
gate electrode 7 is composed of insulating films 8, 10, and a TL 9, and the upper and 
lower surface and the peripheral surface of the TL are surrounded with the insulating 
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films. Ajq insulating film 10 is composed of a silicon oxide film that is obtained by 
thermal oxidation at 1,200°C, and formed to have a thickness of 1,000 - 3,000 A. An 
insulating material 8 is made up of silicon nitride and aluminum oxide having a thickness 
of 300 - 800 A in order to provide high electric capacity thereto. This film may be made 

5 of a material with high dielectric constant, such as titanium oxide. In the case where the 
XL 9 is made of a semiconductor such as silicon or germanium, silicon nitride is a 
suitable material for the film 8 because a part of cluster within the film 8 is formed in 
close contact with the upper surface of the TL, whereas aluminum oxide or other metal 
oxide was suitable when the TL 9 is made of a metal such as molybdenum or aluminum. 

10 In the case where the TL 9 is made of aluminum, the film 8 may be made of aluminum 
oxide formed by electroless oxidation or vapor, thermal oxidation of a portion of the 
TL. 

SAGL is described in Patent Application Nos. Sho 45-51721 or Sho 45-61654 as 
the manufacturing method thereof. However, the step comprises: forming electrodes of 

15 a source and a drain; forming a gate insulating material; simultaneously forming leads of 
the gate electrode, source and drain; forming the source and the drain, and the like. The 
step of forming the source and the drain is a final step. As a result, it becomes possible 
to apply a so-called shallow diffusion to a drain, or to form a source and the drain by ion 
implantation, with the result that it also becomes possible to make a radius of curvature 

20 of the source side edge of a drain 11 be 500 A or less. At the same time, as the source 3 
and the drain 4 have a perfect ohmic contact with each of leads 5, 6, which causes no 
practical obstacle, and the number of photo mask can be reduced to 3 times in case that 
the TL 9 is not formed, which are included in the characteristics of the method. 

It became clear through experiments that the avalanche voltage is inversely 

25 proportional to the radius of curvature of the side end of the drain 11 or to the depth of 
diffusion of the drain. Namely, when the depth of the diffusion for forming the impurity 
region is 1 n, 90 V is required as the avalanche voltage, in case of 0.5 50 V is required, 
and in case of 0.1 fi, 20 V was required. This is the case that the impurity concentration 
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of the substrate is 1 - 5 x 10 IS cm 3 on the p-type (100) plane, and the drain impurity 
region has an reverse conductivity type of N + with an impurity concentration of 10 20 cm' 3 . 
Also, assuming that, when the impurity concentration of the substrate is 1 x 10 16 cm' 3 , the 
depth of the diffusion is 0.1 [i, the avalanche plasma generates with 15 V. As described 
5 above, an aspect of the present invention resides in that MIS-FET is formed by SAGL 
system so as to eliminate the defect of the conventional MIS-FET manufacturing method 
in which diffusion happens again in the source and the drain at the step of forming the 
gate oxidation film. Employment of the above enables to reduce the avalanche voltage 
to 20 V. 

10 Another aspect of the present invention resides in that electron or hole excited by 
the avalanche is injected into the TL in the insulating material beneath the gate electrode 
by applying a positive or negative voltage to the gate electrode, to thereby trap or 
recombine them with the charge already trapped in the TL. In order to realize the above, 
conventionally, 50 V or more of gate voltage is required for the gate. However, 
15 according to the present invention, the injection of electron or hole becomes possible with 
a gate voltage of ±30 V by making the capacity of the insulating film 8 larger than that 
' of the insulating film 10. With such a structure, the surface of the semiconductor 
substrate 1 is bended upwards by electron or hole trapped in the TL, with the result that 
it becomes possible to conduct an on/off operation between the source and the drain, 
20 which are a pair of impurity regions. This on or off state is independent from how much 
current flows between the source and the drain. In addition, as the memory information 
is no volatile, refresh of the memory which is necessary for a core memory became 
unnecessary. 

The present invention has advantages mentioned above, however, in order to reduce 
25 the necessary voltage for generating exited charge compared with the conventional ones, 
with employment of the structure of the drain end on the source side as shown in Fig.2, 
concentration of electric field occurs in the drain, with the result that the generation of 
avalanche at such a portion becomes more frequent. 
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However, as the result that avalanche takes place with 8 - 25 V, avalanche takes 
place in a part thereof even when the recorded signal is being read. Accordingly, there 
was the case that such a characteristic that the recorded information is not lost by the 
above-mentioned reading operation, namely the characteristic of non-destructive has been 

5 lost. Therefore, it found that it is not preferable to use the conventional source or drain 
as it is for the reading operation. 

The present invention has solved the above-mentioned problems. That is, to 
generate exited electrons by making use of the p-n junction between the substrate and the 
impurity region, a source potential is generally set to be equal to that of the substrate, and 

10 a reverse bias voltage is applied to the drain. Therefore, in order to eliminate such a 
defect, the impurity region that is used as a drain at the time of the writing operation is 
used as a source, thereby setting the source to be substantially the same potential as the 
substrate. On the other hand, the impurity region that was conventionally used as the 
source was used as the drain. As shown in Fig. IB and Fig. 2, it was configured such that 

15 one of the impurity regions 3 has a depth of more than 1 fi, in order to eliminate the 
electric field to be locally concentrated, and that the necessary voltage for generating 
avalanche plasma is set to be at least 50 V. In other words, it was configured such that 
the structure of the source and the drain are formed to be asymmetric, and avalanche 
plasma is taken place with a low voltage only in either one of them. 

20 Another method according to the present invention is described in Fig. 2. The 

method resides in that a drain consisting of an impurity region 4' dedicated to read a 
signal is formed so as to face with an impurity region 3 that constitutes the source or the 
drain, independently with the drain that has been used for avalanche. With employment 
of such a structure in which semiconductor memory devices are highly integrated, there 

25 is a characteristic in that the formation of the surrounding circuit is remarkably easy. 

In other words, the drains 4, 4' are formed on both sides of one impurity region 3 
with a shape constituting two pairs consisting of two impurity regions 4, 4\ Reference 
numeral 4 denotes a drain dedicated to write a recording information, and reference 
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numeral 4 f denotes a drain dedicated to read the recorded information. The TL 9 is 
continuously formed while extending over the channels between 3 and 4, and between 
3 and 4*. Leads 6, 6' for the impurity regions are formed in correspondence with the 
drains 4, 4\ 

5 As is clear from the explanation described above, the present invention provides a 

semiconductor memory device for carrying out the writing operation of the non-volatile 
memory by taking an advantage of avalanche plasma, in which there are employed a drain 
structure that enables to reduce the necessary voltage for generating avalanche plasma, 
and a method of conducting a writing operation of the non-volatile memory by trapping 

10 electron and hole exited with such a structure into the TL by taking an advantage of 
electric field in the gate. In addition, in order to' facilitate the manufacturing of the 
peripheral circuits, upon carrying out the writing and reading operation of the recording 
information, it was configured so that the same impurity regions are not used as the same 
source and drain, respectively. Consequently, it is believed that the present invention 

15 remarkably contributes to the industrial world because of its novelty and utility. 

Brief Description of the Drawings 

Figs. 1 are vertical cross sectional views according to the device of the present 
invention, and Fig. 2 is a vertical cross sectional view explaining the relationship of 
relative position between three impurity regions and the TL according to another device 
20. of the present invention. 
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